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Editors: Anton N. Sidawy and Bruce A. PerlerOutcomes following infrapopliteal angioplasty for critical
limb ischemia
Ruby C. Lo, Jeremy Darling, Rodney P. Bensley, Kristina A.
Giles, Suzanne E. Dahlberg, Allen D. Hamdan, Mark Wyers,
Marc L. Schermerhorn
Objective: Infrapopliteal angioplasty (percutaneous trans-
luminal angioplasty [PTA]) is routinely used to treat critical
limb ischemia (CLI) despite limited data on long-term
outcomes.
Methods: We reviewed all patients undergoing infrapopli-
teal PTA for CLI from 2004 to 2012 stratiﬁed by Trans-
Atlantic Inter-Society Consensus (TASC) class. Outcomes
included restenosis, primary patency, reintervention (w/PTA
or bypass), amputation, procedural complications, wound
healing, and survival.
Results: Infrapopliteal PTA (stenting 14%, multilevel inter-
vention 50%) was performed in 459 limbs of 413 patients
(59% male) with a technical success of 93% and periop-
erative complications in 11%. TASC class was 16% A, 22%
B, 27% C, and 34% D. Multilevel interventions were per-
formed in 50% of limbs and were evenly distributed
among all TASC classes. All technical failures were TASC D
lesions. Mean follow-up was 15 months; 5-year survival
was 49%. One- and 5-year primary patency was 57% and
38% and limb salvage was 84% and 81%, respectively.
Restenosis was associated with TASC C (hazard ratio [HR],
2.2; 95% CI, 1.2-3.9; P ¼ .010) and TASC D (HR, 2.4; 95%
CI, 1.3-4.4; P ¼ .004) lesions. Amputation rates were
higher in patients who were not candidates for bypass
(HR, 4.4; 95% CI, 2.6-7.5; P < .001) and with TASC D le-
sions (HR, 3.8; 95% CI, 1.1-12.5; P ¼ .03). Unsuitability for
bypass was also predictive of repeat PTA (HR, 1.8; 95% CI,
1.0-3.4; P ¼ .047). Postoperative clopidogrel use was
associated with lower rates of any revascularization (HR,
0.46; 95% CI, 0.25-0.83; P ¼ .011).
Conclusions: Infrapopliteal PTA is effective primary therapy
for TASC A, B, and C lesions. Surgical bypass should be
offered to patients with TASC D disease who are suitable
candidates. Multilevel intervention does not adversely
affect outcome.*Full articles available online at www.jvascsurg.org
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http://dx.doi.org/10.1016/S1078-5884(13)00281-5Risk prediction of 30-day readmission after infrainguinal
bypass for critical limb ischemia
James T. McPhee, Louis L. Nguyen, Karen J. Ho, C. Keith
Ozaki, Michael S. Conte, Michael Belkin
Objective: Hospital readmission after lower extremity
bypass is a large cost burden and has become a focal point
for policy change directed at disease-speciﬁc bundling
strategies. The purpose of this study was to evaluate rates
and predictors of 30-day readmission from a large, multi-
center trial data set.
Methods: We analyzed the PRoject of Ex-Vivo vein graft
ENgineering via Transfection III (PREVENT III) data set of
1404 critical limb ischemia (CLI) patients undergoing lower
extremity vein graft bypass at 83 North American centers.
The primary end point was readmission 30 days of dis-
charge. Secondary end points included graft patency and
limb salvage evaluated in the context of readmission. The
data set was split into a two-thirds derivation set and a one-
third validation set for the purposes of creating a risk pre-
diction model. A whole number integer risk score was
assigned to independent predictors of readmission. Sum-
mary risk scores were collapsed into categories and deﬁned
as low (0-1 points), medium (2-5 points), and high (>5
points).
Results: We analyzed 1356 vein graft bypass patients, of
which 23 (1.7%) died in-hospital and were excluded from
the readmission analyses. In the derivation data set of
866 patients, 211 (24.4%) were readmitted 30 days of
discharge. The most common reasons for readmission
were wound infection in index leg (39.8%), an additional
procedure in the index leg (20.8%), and nonvascular
reasons (19%). By multivariable analysis, factors asso-
ciated with 30-day hospital readmission (odds ratio [95%
conﬁdence limits]) included female gender (1.5 [1.0, 2.1]),
current smoking (1.6 [1.1, 2.4]), in-hospital loss of graft
patency (1.8 [1.0, 3.2]), dialysis (2.0 [1.2, 3.2]), and tissue
loss (1.7 [1.1, 2.5]). In the derivation set, rates of read-
mission correlated to risk category. The 30-day read-
mission rates were 15.6% for low-risk patients (0-1
points), 24.1% for moderate-risk (2-5 points) patients, and
38.0% for high-risk (>5 points) patients. Similarly, in the
validation set, the rates were 16.5%, 25.4%, and 38.1%
for low-, medium-, and high-risk groups, respectively.
Thirty-day readmission was not associated with loss of
long-term graft patency but was associated with long-
term limb loss (hazard ratio, 2.1; 95% conﬁdence interval,
1.4-3.1; P ¼ .0002).
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CLI is common (24%). Certain characteristics, such as female
gender, current smoking, dialysis-dependence, tissue loss,
and in-hospital graft-related events, are associated with
increased risk. Readmission is associated with long-term
limb loss. These data provide benchmark values for this
complex patient population and may prove useful when
hospital readmission is used as a quality metric for hospital
performance.Endoscopic vein harvest for infrainguinal arterial bypass
Sarah M. Wartman, Karen Woo, Gabriel Herscu, Michael
Morell, Vahagn Nikolian, Miguel Manzur, Fred A. Weaver
Background: Endoscopic harvest of saphenous vein for
infrainguinal arterial bypass decreases incision length and
was initially documented to decrease wound complications
without adversely affecting patency. However, recent
studies have shown lower patency without a wound com-
plication beneﬁt. We sought to further deﬁne the wound
complication and patency rates of endoscopic harvest
compared with open harvest in infrainguinal arterial bypass
procedures.
Methods: Infrainguinal bypasses performed from 2000 to
2011 were analyzed. Only procedures using a single seg-
ment of great saphenous vein were included. Cases were
grouped according to endoscopic or open harvest and were
frequency-matched for body mass index and diabetes.
Baseline characteristics were compared. Univariate and
multivariate analysis was performed to determine correla-
tion of baseline data and harvest method on wound com-
plications and patency.
Results: The study included 76 bypasses; 35 in the endo-
scopic harvest group and 41 in the open harvest group.
Baseline characteristics between the endoscopic and open
harvest groups were not signiﬁcantly different, with the
exception of mean age, which was older in the endoscopic
harvest group, and carotid artery disease, which was more
common in the open harvest group. There was no signif-
icant difference between endoscopic and open harvest in
30-day wound complication rates (29% vs 27%; P ¼ .87) or
in the other perioperative variables, aside from decreased
narcotic use in the endoscopic harvest group (P ¼ .01).
Mean follow-up was 747 days. There was no signiﬁcant
difference in 3-year primary (47% vs 49%; P ¼ .8), 3-year
primary-assisted (88% vs 73%; P ¼ .1), or secondary
patency rates (92% vs 76%; P ¼ .09) at 3 years between
the endoscopic and open harvest groups. High body mass
index improved primary patency in the endoscopic harvest
group (P ¼ .02), but had no effect on patency in the open
harvest group (P ¼ .15). Patients requiring hemodialysis
had increased risk for loss of primary assisted patency in
both groups (endoscopic, P ¼ .02; open, P ¼ .02) and
decreased secondary patency in the open harvest group
(P ¼ .04).
Conclusions: Endoscopic and open harvest techniques for
infrainguinal arterial bypass provide similar rates ofwound complications and bypass patency, whereas he-
modialysis negatively affects patency after both harvest
methods. Endoscopic harvest is associated with the need
for less perioperative narcotics, suggesting a potential
beneﬁt of endoscopic harvest that deserves further
study.Adequate seal and no endoleak on the ﬁrst postoperative
computed tomography angiography as criteria for no
additional imaging up to 5 years after endovascular
aneurysm repair
Frederico Bastos Gonçalves, Koen M. van de Luijtgaarden,
Sanne E. Hoeks, Johanna M. Hendriks, Sander ten Raa, Ellen
V. Rouwet, Robert J. Stolker, Hence J.M. Verhagen
Objective: Intensive image surveillance after endovascular
aneurysm repair is generally recommended due to con-
tinued risk of complications. However, patients at lower risk
may not beneﬁt from this strategy. We evaluated the pre-
dictive value of the ﬁrst postoperative computed tomog-
raphy angiography (CTA) characteristics for aneurysm-
related adverse events as a means of patient selection for
risk-adapted surveillance.
Methods: All patients treated with the Low-Permeability
Excluder Endoprosthesis (W. L. Gore & Assoc, Flagstaff,
Ariz) at a tertiary institution from 2004 to 2011 were
included. First postoperative CTAs were analyzed for the
presence of endoleaks, endograft kinking, distance from
the lowermost renal artery to the start of the endograft,
and for proximal and distal sealing length using center
lumen line reconstructions. The primary end point was
freedom from aneurysm-related adverse events. Multi-
variable Cox regression was used to test postoperative
CTA characteristics as independent risk factors, which
were subsequently used as selection criteria for low-
risk and high-risk groups. Estimates for freedom from
adverse events were obtained using Kaplan-Meier survival
curves.
Results: Included were 131 patients. The median follow-up
was 4.1 years (interquartile range, 2.1-6.1). During this
period, 30 patients (23%) sustained aneurysm-related
adverse events. Seal length <10 mm and presence of
endoleak were signiﬁcant risk factors for this end point.
Patients were subsequently categorized as low-risk (proxi-
mal and distal seal length 10 mm and no endoleak, n ¼
62) or high-risk (seal length <10 mm or presence of
endoleak, or both; n ¼ 69). During follow-up, four low-risk
patients (3%) and 26 high-risk patients (19%) sustained
events (P < .001). Four secondary interventions were
required in three low-risk patients, and 31 secondary in-
terventions in 23 high-risk patients. Sac growth was
observed in two low-risk patients and in 15 high-risk pa-
tients. The 5-year estimates for freedom from aneurysm-
related adverse events were 98% for the low-risk group and
52% for the high-risk group. For each diagnosis, 81.7 image
examinations were necessary in the low-risk group and 8.2
in the high-risk group.
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CTA provides important information for risk stratiﬁcation
after endovascular aneurysm repair when the Excluder
endoprosthesis is used. In patients with adequate seal and
no endoleaks, the risk of aneurysm-related adverse events
was signiﬁcantly reduced, resulting in a large number of
unnecessary image examinations. Adjusting the imaging
protocol beyond 30 days and up to 5 years, based on in-
dividual patients’ risk, may result in a more efﬁcient and
rational postoperative surveillance.Low incidence of paraplegia after thoracic endovascular
aneurysm repair with proactive spinal cord protective
protocols
Joseph L. Bobadilla, Martha Wynn, Girma Tefera, C.W. Acher
Objective: Paraparesis and paraplegia after thoracic endo-
vascular aneurysm repair (TEVAR) is a greatly feared com-
plication. Multiple case series report this risk up to 13%
with no, or inconsistent, application of interventions to
enhance and protect spinal cord perfusion. In this study, we
report our single-institution experience of TEVAR, using the
same proactive spinal cord ischemia protection protocol we
use for open repair.
Methods: Endovascular thoracic aortic interventions were
performed for both on-label (aneurysm) and off-label
(trauma, other) indications. Aortic area covered was
recorded as a fraction from the subclavian to celiac origins
and reported as a percentage. If debranching was required,
measurements were taken from the most distal arch vessel
left intact. Intraoperative imaging and postoperative com-
puted tomographic angiogram were used in calculating
aortic percent coverage. Outcomes were recorded in
a clinical database and analyzed retrospectively. The spinal
cord ischemia protection included routine spinal drainage
(spinal ﬂuid pressure <10 mm Hg), endorphin receptor
blockade (naloxone infusion), moderate intraoperative hy-
pothermia (<35C), hypotension avoidance (mean arterial
pressure >90 mm Hg), and optimizing cardiac function.
Results: From 2005 to 2012, 94 consecutive TEVARs were
studied. Indications were thoracic aneurysm (n ¼ 48), pla-
que rupture with or without dissection (n ¼ 23), trauma
(n ¼ 15), and other (n ¼ 8). Forty-nine percent were acute,
average age was 68.5 years, 60% (n ¼ 56) were male, and
the mean follow-up was 12 months. Mean length of aortic
coverage was 161 mm, correlating to 59.4% aortic coverage.
One patient had delayed paralysis (1.1%; observed/expec-
ted ratio, 0.12) and recovered enough to ambulate easily
without assistance. Other complications included wound
(7.5%), stroke (4.3%), myocardial infarct (4.3%), and renal
failure (1.1%).
Conclusions: Proactive spinal cord protective protocols
appear to reduce the incidence of spinal ischemia after
TEVAR compared with historical series. This study would
suggest that active, as opposed to reactive, approaches tospinal ischemia portend a better long-term outcome. Mul-
timodal protection is essential, especially if long segment
coverage is planned.Migration of fenestrated aortic stent grafts
Andrew England, Marta García-Fiñana, Robert K. Fisher,
Jagjeeth B. Naik, S. Rao Vallabhaneni, John A. Brennan,
Richard G. McWilliams
Objective: This article reports the incidence, timing, and
related sequelae for proximal and distal migration of the
Zenith Fenestrated AAA Endovascular Graft (Cook Medical,
Bloomington, Ind) used to treat abdominal aortic
aneurysms.
Method: A prospectively maintained database at a tertiary
referral hospital was used to identify 83 patients who un-
derwent endovascular repair using the Zenith fenestrated
stent graft. Inclusion criteria included a postoperative
computed tomography (CT) scan within 6 weeks of im-
plantation and at least one additional follow-up CT scan (>5
months) available electronically at our institution. Eligible
patients underwent assessment of stent graft migration
using a CT-based central luminal line (CLL) technique. The
proximal and distal margins of the stent graft were meas-
ured using CLLs relative to vascular landmarks on all avail-
able follow-up CT scans. Migration was deﬁned as stent
graft movement 4 mm.
Results: Fifty-ﬁve patients were included in this study, mean
age was 74  7 years, and 89% were men. Mean preop-
erative aneurysm diameter was 67  9 mm. In these 55
patients, fenestrations were applied to 162 target vessels
with the commonest design accommodating two renal ar-
teries (RAs) and the superior mesenteric artery (SMA).
Median follow-up was 24 (range, 5-97) months; 80% of
patients (n ¼ 44) had both the proximal and two distal
attachment sites assessed for evidence of migration. Twelve
iliac limbs in 11 patients were excluded from analysis due to
occlusion of one internal iliac artery precluding CLL
assessment (n ¼ 7), or image quality issues (n ¼ 5). Using
CLLs and based on those patients who exhibited migration,
the median proximal and distal migration distances
were þ5.0 (range, þ4.0 to þ8.1) mm and 5.0 (range,
4.3 to 21.3) mm, respectively. Kaplan-Meier analysis for
proximal migration revealed migration rates of 14% and
22% at 12 and 36 months, respectively. Distal migration
rates were lower at 3% and 8%, respectively. There have
been no incidences of late rupture or open conversion. Of
the patients with proximal migration, two patients lost
a single target vessel (two RAs) and three patients were
reported to have target vessel stenosis (two SMAs, one RA).
These cases did not require reintervention.
Conclusions: Both suprarenal fabric extension and visceral
artery stenting are known to provide additional ﬁxation for
fenestrated aortic stent grafts. Despite this, minor proximal
migration still occurs in up to one quarter of fenestrated
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mainly due to the engagement of the barbs of the
anchoring stent. Distal migrations occur with lower
frequency.The inﬂuence of respiration on criteria for transabdominal
duplex examination of the splanchnic arteries in patients
with suspected chronic splanchnic ischemia
André S. van Petersen, Robbert Meerwaldt, Jeroen J. Kolk-
man, Ad B. Huisman, Job van der Palen, J. Hajo van Bockel,
Clark J. Zeebregts, Robert H. Geelkerken
Background: Duplex ultrasound imaging of the mesenteric
vessels is often used as a ﬁrst diagnostic tool to evaluate the
mesenteric circulation in patients with unexplained chronic
abdominal symptoms. Several studies on duplex criteria
have been published; however, most studies are small and
included not exclusively patients with symptoms suggestive
of chronic mesenteric syndrome (CMS). This study evaluated
the contribution of respiration-monitored duplex ultra-
sound imaging in the diagnosis of stenosis or occlusion of
the mesenteric arteries in patients suspected of CMS and
thereby improves the deﬁnition of the criteria for stenosis.
Methods: Between 1999 and 2007, 779 consecutive pa-
tients presented to our tertiary referral center for evalua-
tion and treatment of CMS. Mesenteric artery duplex
ultrasound imaging and angiography of the abdominal aorta
and its branches were performed in 324 patients. Angiog-
raphy was considered the gold standard for verifying the
presence or absence of arterial pathology. Results from
duplex imaging and angiography were compared to deter-
mine the optimal duplex criteria for stenosis. In addition,
the contribution of expiration and inspiration on duplex
imaging and angiography were established.
Results: Signiﬁcantly higher peak systolic and end-diastolic
velocities were found in the celiac artery (CA) and superior
mesenteric artery (SMA) during expiration than during
inspiration. Receiver operating characteristic curve analyses
found respiration-dependent cutoff values for CA and SMA
stenosis. The values corresponding with the highest accu-
racy (minimal false-negative and false-positive results) were
determined. Peak systolic velocities cutoff points during
expiration and inspiration were 280 and 272 cm/s, respec-
tively, for the CA and 268 and 205 cm/s for the SMA. The
end-diastolic velocity cutoff points during expiration and
inspiration were 57 and 84 cm/s, respectively, for the CA
and 101 and 52 cm/s for the SMA. Sensitivity for different
duplex parameters in detecting mesenteric stenosis was
66% to 78% and speciﬁcity was 77% to 86%.
Conclusions: This study proposes new criteria related to
respiration for duplex ultrasound imaging of the mesenteric
arteries in patients with symptoms suggestive of CMS. It
emphasizes the importance of taking into account the effect
of respiration on duplex parameters. The lower sensitivity
and speciﬁcity in our study compared with other studiesputs into perspective the position of duplex imaging in the
work-up of patients with suspected CMS. Duplex results
should be used as a guide, with a low threshold giving
a higher negative predictive value and, consequently,
a lower positive predictive value.Vasodilator and endovascular therapy for isolated superior
mesenteric artery dissection
Jing Yuan Luan, Xuan Li, Tian Run Li, Guo Jun Zhai, Jin Tao
Han
Objective: We report our experience in the treatment of
isolated superior mesenteric artery dissection and review
the clinical and imaging features reported in the literature.
Methods: A retrospective study was conducted of 18 con-
secutive patients with isolated superior mesenteric artery
dissection who presented at the Peking University Third
Hospital between September 2008 and May 2012. Their
clinical characteristics, including age, sex, medical history,
risk factors, symptoms, diagnostic imaging modality, and
treatment, were analyzed. Also reviewed were 278 patients
with isolated superior mesenteric artery dissection reported
in the English language literature. The epidemiology,
mechanism, clinical presentation, imaging features, and
treatment were discussed.
Results: There were 14 men and four women with a mean
age of 55.6 years (range, 41-84 years). Four patients were
asymptomatic, and 14 presented with acute-onset
abdominal pain. The diagnosis was established by contrast-
enhanced computed tomography in 17 patients and ultra-
sound imaging in one patient. All dissections were located
at the anterior wall and around the convex curvature of the
superior mesenteric artery. The decision to intervene was
based on symptoms. Three asymptomatic patients under-
went successful conservative management, and one
asymptomatic patient with an aneurysmal dilated false
lumen underwent endovascular stent placement. For the 14
symptomatic patients, deﬁnitive treatment included cath-
eter-directed infusion of a vasodilator in four and stent
placement combined with catheter-directed infusion of
a vasodilator in 10, of whom one patient underwent hybrid
stent placement. No complications or deaths occurred.
During the mean 14.9-month (range, 1-40 month) follow-up
period, all patients were asymptomatic, and patency of the
superior mesenteric artery was demonstrated by contrast-
enhanced computed tomography scan.
Conclusions: Conservative management can be applied to
asymptomatic patients with isolated superior mesenteric
artery dissection. For symptomatic patients, stent place-
ment is the deﬁnitive treatment if there is no arterial rup-
ture or intestinal necrosis. Self-expanding bare stents that
completely cover the curvature of the superior mesenteric
artery are recommended. Catheter-directed infusion of
a vasodilator can be an effective accessional process after
stent placement.
